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HANGES in the concentration of various constituents in the blood during pregnancy must be considered in relation to the well-known increase in plasma volume. Therefore, as a background for this report on hematological values and serum protein levels obtained for prenatal ward patients in the Study on The Relation of Nutrition to Preg nancy, now in progress at the Pennsylvania Hospital, some data will be presented from two studies on the increase in plasma volume during pregnancy.
In a recent report, Caton and others (1 ) published for ten patients at the Boston Lying-In Hospital the results of serial observations on prenatal and postpartum plasma volume and volume of red blood cells (hematocrit). Of these, one was a mild pre-eclamptic and one had a premature birth. From the estimates of total plasma volume for the eight presumably normal cases reported at four to seven antepartum periods for each patient and a postpartum value taken 26 to 66 days after delivery, the average per cent by which the antepartum plasma volume exceded the postpartum volume was calculated for six different antepartum periods.8 The estimated curve for 1 This is a preliminary report on data from a Study on The Relation of Nutri tion to Pregnancy, being conducted at the Pennsylvania Hospital (Philadelphia Lying-In Hospital), Philadelphia, under the direction of Dr. Winslow T. Tompkins. The Study is receiving support from the Milbank Memorial Fund, the WilliamsWaterman Fund, the National Vitamin Foundation, the Nutrition Foundation, the Upjohn Company, Mead Johnson and Company, E. R. Squibb & Sons, and Mulford Colloidal Laboratory.
2 The Milbank Memorial Fund, statistical consultant to the Study. 8 Determinations of total plasma volume were not made at uniform periods of pregnancy for all cases, but most of the observations could be grouped in periods having a three-week range. In order not to widen the range nor to omit cases, several values used were interpolations between two observations made at an earlier and later week of gestation. The average for the final period before delivery is for 0 to 11 days. For one of the eight patients the earliest antepartum plasma volume (11 weeks of gestation) was 5 per cent less than the postpartum plasma volume, and for this case the earliest antepartum volume was taken as the base from which the per centage increase was computed.
plasma volume increase obtained from these data is shown in Figure 1 . The curve rises from 9 per cent at about 12 weeks of gestation to 48 per cent at 33 weeks, then decreases in the last ten days before delivery to 37.5 per cent. On the same chart the three bars show the average per cent above postpartum plasma volume calculated* from data pub lished by Thomson, et al. (2 ) . The two studies do not differ significantly when the small number of cases and variation among individual patients are considered.
The wide differences among patients in the changes in plasma volume during pregnancy are apparent from the individual curves plotted in Figure 2 for the eight cases studied by Caton, e t al. The maximum antepartum volume exceeded the post partum volume by 36 to 72 per cent and always occurred in the third trimester. The plasma volume decreased significantly 4
The average percentages for excess in plasma volume during pregnancy over the postpartum plasma volume shown in Figure 1 for the data from Thomson, et al. are based on a total of eleven cases for which one to four antepartum plasma values were reported. One case with anemia and edema was excluded. The average per centages are for a range of 3 weeks at 18 to 20 weeks of gestation, a range of 11 days at 24 to 25 weeks of gestation for six of the eight cases included, and a range of 10 days at 33 to 34 weeks of gestation for six of the nine cases included. Post partum plasma volume was at 11-14 days after delivery for eight cases; at 20, 43, and 68 days for the other three.
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The Milbank M emorial Fund Quarterly before delivery in five of the eight cases. It is apparent that some cases had shown little or no increase in plasma to the end of the first trimester, but for one case plasma volume at 13 weeks was 25 per cent above the postpartum value and was 5 per cent above at 6 weeks. In general, there seems to be a sharp increase in plasma volume throughout the second tri mester and during the first half of the third trimester, after which the plasma volume tends to remain constant or to decrease. If no change in the total volume of circulating red cells oc curs, the hematocrit could be expected to decrease in propor tion to the dilution caused by the increase in plasma volume. In Figure 3 , the reported hematocrits for the eight cases are shown together with the hematocrits that might be expected as a result of the observed increase in plasma volume. For each case the reported total plasma volume and hematocrit for the earliest period in pregnancy is used as a base and each later hematocrit is estimated by computing the hematocrit expected for the change in plasma volume between the earliest period and a later period.
Two generalizations are suggested by Figure 3 . First, the fluctuations in the observed hematocrits from one period to the next follow fairly closely the upward and downward changes in the estimated expected hematocrit.5 Second, there is a defi nite tendency for the expected hematocrits to be lower than the observed, that is, the actual decrease in the percentage of red cells in the blood was less than expected as a result of dilu tion on account of plasma increase. The same tendency for higher hematocrit values than the estimated expected hemato crits was found for the patients studied by Thomson, e t al. Thus, these two studies have given evidence that the produc tion of red cells increased during pregnancy, though not in an amount sufficient to completely compensate for the increased plasma volume.
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T r e n d s i n B l o o d V a l u e s
The change in the average hematocrit values and in the hemoglobin levels during pregnancy is shown in Figure 4 for 161 white women in the Study at Philadelphia Lying-In Hos pital. The broken lines are the average values expected if the levels before and after 17 weeks of gestation® had varied in pro portion to the average change in plasma volume shown by the data from Caton, e t al.
From 12 to 17 weeks of gestation both hematocrit and hemo-5 Each estimated hematocrit is affected by the accumulated errors of two plasma volume determinations (the earliest and a later value) and of the earliest hematocrit reading. The curves obtained for the estimated hematocrit values suggest a high degree of accuracy for the plasma volume determinations. The one case for which the expected hematocrit values were consistently higher than the observed hematocrit values could result from error in the earliest determination of either the plasma volume or hematorcrit. If the second period (16 weeks of gestation) is used as a base, the usual lower estimate than observed hematocrit is obtained.
6 The expected average levels in the blood constituents are estimated from the observed level at 17 weeks because nearly all women included in the group for which average curves were obtained were observed at 16-18 weeks of gestation and also because the average plasma volume increase at this period was more reliable statistically than the average at 12 weeks. The weeks of gestation used for all cases except those resulting in premature births (5.5 lbs. or less) are computed from date of delivery using delivery date as 280 days. globin values decrease quite rapidly and the amount of the de crease is very close to that estimated from plasma volume change.
After 20 weeks of gestation there is almost no further de crease in the observed hematocrit values and there is a slight increase in the final six weeks of pregnancy. It is apparent that whatever increase in plasma volume occurred for this group of women, it was offset on the average by an increase in red cells during the latter half of pregnancy.
The average hemoglobin curve differs from the hematocrit curve in that it continues to decline to the 31st week of gesta tion and the terminal increase in hemoglobin is very slight. However, the decrease in hemoglobin also is much less than that estimated as expected from dilution of the value by in crease in plasma volume. The greater decrease in hemoglobin than in volume of packed red cells shows the effect on the aver age curves of the hypochromia found for many women during pregnancy. Thus, although there is apparently an increased production of hemoglobin as well as of red cells, it is not suf ficient in many cases to maintain the normal concentration of hemoglobin in the cells.
The changes in total serum protein, albumin, and globulin during pregnancy are shown in Figure 5 . Again, the broken lines show the changes expected if the total protein, albumin, and globulin levels had varied in proportion to the dilution that would result from the increased plasma volume if no change in amount of protein or its fractions occurred. The expected values for protein are estimated from the averages at 12 weeks of gestation using the percentage decrease expected from the percentage increase in plasma volume after 12 weeks.7
The average curve for the total protein decreases from 7.1 grams at about 8 weeks of gestation to 6.65 grams at 16-18 weeks, and thereafter shows little change with a minimum level of 6.5 grams at 31-33 weeks. The average values for serum 7
The average plasma volume change from 12 to 17 weeks of gestation has been shown to fit very closely the change in hematocrit and hemoglobin values, and therefore the plasma volume at 12 weeks seems to afford as satisfactory a base for estimating expected changes in blood constituents as the value for 17 weeks. Since globulin starts to rise after 12 weeks of gestation, the comparison of observed levels with expected levels is better if the two curves are brought together at 12 weeks or earlier.
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albumin, however, decreased throughout pregnancy, declining from 4.4 grams to 3.5 grams. At the lowest level the decrease in serum albumin is, on the average, about 70 per cent of the decrease from the level at 12 weeks expected as a result of plasma volume dilution.
Serum globulin increases steadily during the second and third trimester of pregnancy. This increase is sufficient to offset the decrease in albumin after about 20 weeks of gestation and, as noted already, to maintain total serum protein at a fairly constant level during the latter half of pregnancy. At a level of 3.0 grams in the last six weeks of pregnancy the serum globu lin level is above the estimated pre-pregnancy level and repre sents an increased production of globulin of about 57 per cent, if we accept the plasma volume increase shown by the data from Caton, e t al. as valid for the Philadelphia women. The albumin level at the end of pregnancy, on the other hand, is 25 per cent below the pre-pregnancy level, although the serum concentration maintained at the minimum level would have re quired an increased output of albumin of 10 per cent. The net increase in total circulating protein over the estimated prepregnancy amount is between 25 and 30 per cent.
Albumin is needed during pregnancy to build new tissue for the placenta and the fetus, and it must be withdrawn from circulation in considerable amounts. Therefore, the actual in crease in production of albumin is presumably greater than the 10 per cent estimated for the maintenance of the observed serum concentration. The demand for total protein levels that will maintain a satisfactory physicochemical balance apparently is met by a marked increase in globulin. A recent experiment by Miller (3 ) on dogs using tagged DL-Lysine showed that plasma globulin was synthesized more rapidly than albumin. Under the stress of pregnancy a rapid synthesis of globulin seems to be stimulated.
It is obvious that the decrease in albumin and increase in globulin results in a gradual but constant reduction in the albumin-globulin ratio. A low A /G ratio is sometimes con sidered indicative of protein deficiency, but in pregnancy a very low ratio cannot be interpreted as indicative of a protein deficiency. In the first trimester the A /G ratio averaged 1.7 and declined steadily to 1.2 in the last six weeks. This shift was characteristic of nearly all women. In Figure 6 the per centages of women for whom different A /G ratios were ob tained on examination before the 12th week of gestation and in the last three weeks are shown. Early in pregnancy, 68 per cent of the cases had a ratio of 1.6 or higher, but at the end of preg nancy only 5 per cent had a ratio as high as 1.6. A low ratio late in pregnancy may be a favorable finding since it is asso ciated with an accelerated production of globulin.
These average trends in blood values for all women give us a standard or level of reference against which to measure changes that may occur for women having various specific character istics. One characteristic that differentiates the women and may be expected to affect the trends in blood levels as pregnancy progresses is their initial or early pregnancy blood levels.
In Figure 7 the change in hematocrit values and in hemo globin is shown for three groups of women. The grouping was made on the basis of the first hematocrit reading, and Group I includes those with relatively high volume of red cells, Group II includes those with reading in approximately the middle 60 per cent of the distribution of readings at specific weeks of gestation, and Group III includes those with hematocrit read ings below the lower limit of the middle 60 per cent.8 In addi tion to the 161 white patients used for the total curve, 54 colored patients are included in averages for the three groups.
For the women with high and with average initial hemato crit values, the average curves throughout pregnancy for both the volume of packed red cells and for hemoglobin are quite similar and resemble the average curves for the total group which have been discussed. The group with low initial hemato crit values shows less decrease than the other two groups, espe cially for the volume of packed cells. The variation in the average volume of red cells during pregnancy for Group III is very slight; the minimum value is at about 20 weeks and is only 5 per cent less than the earliest value for the group, then the curve rises steadily after this point to a level about equal to the earliest value.
A similar comparison of three groups of women classified ac cording to their initial total serum protein values is shown in Figure 8 for total protein, for serum albumin, and serum glo bulin. Again, the striking difference in these three groups is the small decrease in total serum protein during pregnancy for women with low initial levels compared with the decrease in the other two groups. The averages for serum albumin levels decrease for all three groups up to the last six weeks of preg nancy; but the drop in levels is greater the higher the initial level during the first half of pregnancy, and in the latter half there is no significant difference in the average albumin levels for the three groups, although the albumin level for the low group has some tendency to decrease more than the other 8
Since the first visit to the prenatal clinic varied from the 6th to the 15 th week of gestation, and the average hematocrit value decreased sharply during this period, hematocrit readings used as limits for the three groups were shifted for different periods of gestation. From distributions of hematocrit readings at less than 10 weeks, at 10-12 weeks, and at 13-15 weeks, upper and lower limits for the middle 60 per cent were obtained; and cases were classified as within, above, or below these limits. The average hemoglobin curves are for the women classified according to their hematocrit readings. However, the increase in globulin varies inversely with the initial level of the groups and the maximum increases were .39 gm., .43 gm., and .50 gm., respectively. Thus, the increase in globulin for the low pro tein group was nearly equal to the decrease in albumin.
Changes in Blood Values
The question arises whether the smaller decrease in blood levels for women with low initial values is associated with a relatively small increase in plasma volume. No direct evi dence is available, but some evidence on this point may be ob tained from the change in hematocrit values for the women in cluded in the group with low initial protein values. In Figure  9 the average hematocrit curve during pregnancy for the 64 women with low initial protein findings is compared with the hematocrit curve for the total group. The low protein group has slightly lower average volume of red cells but the decrease in hematocrit during pregnancy is also slightly greater than for the total group. Thus, there is no indication that these women did not experience an increase in plasma volume equally as large on the average as other women. Fig. 9 . Change in average hematocrit value during pregnancy for women having a low total serum protein at first observation compared with average change in hematocrit for all women.
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From the trends in red cell volume, in hemoglobin, and in serum protein and albumin shown by the curves for these dif ferent groups of women, it seems reasonable to conclude that a protective mechanism operates which tries to prevent these blood values from falling below some critical level. Under the stress of pregnancy there are apparently certain stimuli for the production of greater amounts of these blood constituents. In general, this is to be expected if the needs of pregnancy are to be met. But a relatively greater acceleration in the produc tion of red cells and of protein by those women who began their pregnancy with blood values suggestive of a borderline defici ency indicates a remarkable response to some type of protective stimuli. The nature and significance of this response to the stress of pregnancy is not apparent.
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P r o t e i n L e v e l s a n d S y m p t o m s o f T o x e m i a
As a clinical problem, the important question is whether serum protein levels have any relation to complications of E 22 w ith Ed e m a t Z d o r Pe r s i s t a n t Fig. 11 . Frequency of symptoms associated with toxemia of pregnancy among 351 women classified in four groups, two groups on basis of lowest serum albumin value relative to average level at a given period of pregnancy and each albumin group subdivided according to total serum protein value.
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pregnancy. For 351 women supervised by the Nutrition Re search Clinic,9 the incidence of toxemia and of symptoms com mon to toxemia among women having different protein levels has been studied.
It is necessary to describe the symptoms and conditions which have been included in the incidence rates shown in Fig  ures 10 and 11. There were only six cases diagnosed on the hospital charts as pre-eclampsia or eclampsia-too few for any statistical analysis. The prenatal histories of the 351 patients were reviewed and, on the basis of recorded symptoms, pa tients were classified in one of four categories as follows: A total of 102 patients, 29 per cent of all cases, were classified in one of the three symptom categories.
The frequency of occurrence of each group of symptoms among women having different serum protein levels before 18 weeks of gestation is shown in Figure 10 and Table 1 . The
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The Milbank M emorial Fund Quarterly A further subdivision of the women into four groups was made by subdividing each of the two total protein groups according to their serum albumin levels as in 2-a and 2-b above.10 The incidence rate (per cent of women affected) for each of the three symptom groups was higher for women with an in itial total protein level below average than for those with an initial value equal to or above average. The differences for the separate groups of symptoms are not statistically significant, but the difference in rates for all symptoms combined is sig nificant (P .01-.05).
When the incidence rates for women with different albumin levels, regardless of total protein, are compared, the rates for each group of symptoms are higher among women with belowaverage initial albumin levels. The difference for toxemia ± is larger than when total protein groups were compared and is statistically significant (P .01-.05). The differences for other separate symptom groups are not significant statistically, but the difference for all symptoms is significant ( P < .01).
The incidence rates obtained when women are classified by both protein and albumin show greater differences, but the 10 Classification by total serum protein and albumin is equivalent in the majority of cases to making a two-fold subdivision of the two albumin groups by globulin levels below average and equal to or above average. However, there are some ex exceptions which may be significant. For example, if the albumin level is much be low average, the globulin level may be average or higher without bringing the total protein to the average level, and, also, if the albumin level is high, the total protein, level may be above average although the globulin level is below average. numbers of women in the separate protein-albumin groups are small and the pattern of difference is not constant for the three symptom classes. Toxemia ± occurred in 15 per cent of the women with below-average initial protein and below-average albumin as against a rate of 5 per cent in those with average or higher values for both protein and albumin. This difference is statistically significant (P .01 -05 ). Other differences for in dividual symptom groups are not significant. When all symp toms are combined there is a regular progression in frequency with the highest rate for those with low albumin and low total protein, the next highest for women with low albumin but aver age or higher total protein, and the lowest rate for women with average or higher albumin and average or higher total protein.
The difference between the highest and lowest rate is very sig nificant (P < .001).
From the previous discussion of the striking decrease in average albumin levels throughout pregnancy, even for women with relatively high initial levels, it is to be expected that some of the women who had average or better protein values early in pregnancy would have less than average values late in preg nancy. The incidence of symptoms associated with toxemia, therefore, was examined for women who maintained average or better levels and for those who failed to maintain average levels.11 For this purpose, women were classified in one of the four protein-albumin groups on the basis of their lowest pro tein and albumin levels12 relative to the average observed at any time in pregnancy.
The large number of women who failed to maintain average protein and albumin levels is shown by comparison of the num bers of women in the four protein-albumin groups in Table 2 and in Table 1 . Thus, only 54 women (15 per cent of the total) 11 Only one protein determination in the latter half of pregnancy was available for about 30 per cent of these women; therefore, the record of failure to maintain average levels was by no means complete.
12 The few cases for which the lowest total protein level and lowest albumin level were not obtained at the same examination were classified according to the test with the lowest albumin rating. For exmaple, a case with less than average total proteinabove average albumin at one test and above average protein-less than average albumin at another test would be put in the latter group. had protein and albumin levels below average early in preg nancy, but 113 women (32 per cent) had these low levels at some time. Similarly, 166 women had total protein and albu min values equal to or higher than the average values at their first examination, but only 77 remained in this category throughout pregnancy.
Incidence rates for symptoms associated with toxemia are compared in Figure 11 , for women classified into four groups on the basis of the lowest protein-albumin level observed at any time during pregnancy. The pattern of differences among the groups becomes more definite when the protein levels throughout pregnancy are considered.
The differences in frequency of cases of toxemia ± for the four groups are of special interest since these include the cases showing the most advanced symptoms. When albumin was equal to or above average at every examination, the incidence of toxemia ± was the same (3.8 and 3.9 per cent) for the women with below-average protein and for those with higher total protein. This incidence is about one-fourth of the inci dence among women with below-average albumin and belowaverage total protein. The difference is very significant statis tically (P < .01). When albumin levels dropped below aver age but total protein remained at the average level or higher, the incidence of toxemia ± was less than one-half that for the women with low albumin and low protein. Although this dif ference is not statistically significant (P .05-.10), it strongly suggests a protective effect of a high globulin level when the albumin level falls.
Changes in Blood Values During Pregnancy
Variation in rates for cases of elevated diastolic blood pres sure with edema and for cases of marked edema alone was not as great among the different protein-albumin groups as that shown by toxemia. None of the differences among groups are statistically significant. There is a tendency for these symp toms to occur less frequently if the albumin level remained high.
In summary, it may be concluded that there was a very defi nite relationship between the albumin level during pregnancy and the occurrence of symptoms associated with toxemia. Among those women who maintained an average or higher al bumin value, regardless of whether the total serum protein re mained high, the incidence of these symptoms, especially the more advanced toxemia ± , was lower than among women with below-average albumin. Higher amounts of globulin (total serum protein) had no effect on the incidence rates when albu min was at a high level. However, if the albumin value dropped below the average level, the occurrence of symptoms was less frequent when the globulin level increased sufficiently to keep the total serum protein at the average or higher level than when the total protein also was below average. Furthermore, it may be noted that not only those women who had low albumin values early in pregnancy had a relatively high incidence of symptoms, but also those who initially had high values and later dropped below average had a similar high incidence of symptoms. There were many cases of the latter type.
This relationship between serum protein and toxemia symp toms can not be interpreted as demonstrating a deficiency of protein intake as a factor in the incidence of symptoms, since factors other than intake may have affected the serum levels. One phase of the study now in progress at the Philadelphia Lying-In Hospital is to investigate the effect of an increased protein intake on serum protein levels and on the incidence of symptoms.
Individual changes in serum protein and in albumin during pregnancy show many variations from the average trends that have been presented. There are several patterns of change which are fairly characteristic of the changes observed for many of the women and which were associated with the symptoms that have been considered. It may be of interest to discuss several case histories which demonstrate some typical changes in protein and the associated symptom response.
First, there are the patients for whom changes in blood levels followed the general trend. In Figure 12 , the record of case number 437 is of this type although the albumin level is below average throughout pregnancy. The albumin level decreases greatly from the 15th to the 21st week of gestation, it then stabilizes and declines only slightly at the middle of the third trimester. Total serum protein is above the average initially, decreases into the second trimester but remains at about the average protein level. During the second trimester, this pa tient had excess weight gain and a blood pressure of 130/88 at one visit. She was apparently in a marginal status but was classified as not having toxemia symptoms since the elevated blood pressure was not accompanied by a recognized edema.
Case 389, in Figure 12 , is one of the group with relatively high albumin and high protein who developed a borderline toxemia and was sent into the hospital for control in the last week. Albumin levels declined at less than the average rate, and protein showed no decline until the 36th week when the value had dropped 0.5 gm. but was still average. There was no determination of serum protein between the 26th and 36th week, but two hematological readings were made and these showed a sharp decrease and it is very probable that protein also decreased early in the third trimester. A marked decrease in the middle of the third trimester is not uncommon and is often associated with appearance of some symptoms.
In Figure 13 , two case histories are shown which are typical of changes in protein levels in many patients. A decrease oc curs in the second trimester and is followed by some increase or no further decrease for several weeks, but a second drop occurs in the latter part of the third trimester. Thus there ap pear to be two periods of stress, at both of which some clinical signs may become evident.
Blood values for the volume of red blood cells (hematocrit), for hemoglobin, for total protein, and for albumin decreased markedly during the first half of pregnancy for a large group of women. The average decrease was approximately equal to that expected as a result of average increase in plasma volume. In the second half of pregnancy, although plasma volume con tinues to increase, both the hematological values and total protein and albumin values show only a slight further decrease. Globulin increased during the second and third trimesters. These data indicate a greatly increased production of these blood constituents.
The incidence of selected symptoms commonly associated with toxemia of pregnancy was found to be much higher among women having both total serum protein levels and serum albu min levels below the average values for the group at any period of pregnancy than among women with either total protein or albumin values at the average or higher level. Incidence was lowest if the albumin value remained at the average or higher level, but a globulin value high enough to maintain the total serum protein at the average or higher level in spite of a low albbmin level afforded considerable protection against occur rence of these symptoms.
